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SEQUENCE
MATCHING,  SIMPLE

SEARCHING

PGA Course in Bioinformatics
Tools for Comparative Analysis

May 12, 2003

Outline

ßSequence alignment algorithms
l Rigorous Optimality:Needleman-Wunsch

and Smith-Waterman

l Rapid, heuristic algorithms
• BLAST

• FASTA

• and their relatives

ßDatabases and Search Tools
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What do you want to do?

ßSee if it is already in a database?
ßFind similar sequences?
ßIdentify homologous sequences?
ßConsider functional assignments and

other annotation?
ßFind primers in sequence?
ßFind a short peptide?

UTILITY

ß Relationships in evolution

ß Identification of genes

ß Assignment of possible functionality
for genes or residues

ß Possible structural understanding

ß Aid in sequence assembly
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What are you Comparing

ß Homologue
    Sequences that share a common ancestor;

may have similar function
ß Paralogue
    Similar sequence within species, may have

similar function
ß Orthologue
    Same sequence separated by a speciation

event, probably same function

ANALOG

Non-homologue proteins that have
similar folding architecture, or similar
functional sites, which are believed to
have arisen through convergent
evolution
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Searching for Similarity

ßBLAST
l Search at NCBI and other servers (or

locally)

l Non-redundant set of databases, one DB
at a time

l Fast

l Shows several similar regions

Searching for Similarity

ßFASTA
l Search against user-defined search sets,

DB or subsections

l Only the single most similar region is
shown
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The Word –Size Parameter

   A word is any short sequence less than or
equal to six letter

l Protein 1-2
l Nucleotide 1-6

High word Size
l Faster
l Less Sensitive
l More Selective

Evolution and Alignment

Evolutionary concepts enable the
determination of similarity and
homology

ßSimilarity is an observable quantity,
such as %identity

ßHomology is a conclusion drawn from
the data that two genes share a
common evolutionary history.
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Evolution and Alignments (2)

ßGenes are either homologous or not
homologous.

ßThere is no degree of homology

ßYou can’t tell what the ancestral
sequence is simply because you have
two or more homologues.

So, what IS an Alignment?

Evolution and Alignments (3)

ßAlignments reflect the PROBABLE
evolutionary history of two sequences

ßResidues that align and are not
identical represent substitutions

ßSequences without correspondence is
aligned sequences are interpreted as
indels and in an alignment are gaps.
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Evolution and Alignment

ß Certain regions are more conserved than
others, based on structure/function

ß Certain regions may be conserved simply
by history, not function

ß This is true especially for closely related
species.

Structure and Alignment

ß If two proteins have more than 20-30% ID
aligned, then the 3-D structures tend to be
similar

ß Overall folds are the same, details differ
ß Form often follows function (Beware the

BUT).
ß So, sequence alignment is sometimes a 3-D

alignment.
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Global Alignment

Optimal alignment over the entire length

A

B

A

B

Local  Alignment

Finds the highest coring alignment
regardless of position and length
A
B

A
B
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Needleman Wunsch Algorithm

ßGlobal alignment:: every residue of the
two sequences has to participate

ßGuaranteed to calculate an Optimal
similarity score

ßBegin at the beginning of each
sequence and go to the end.

ßCannot detect domains

Smith-Waterman Algorithm

ßOptimal Local Alignment
ßGuaranteed to find all significant

matches to a given query
ßTakes the query sequence versus

every sequence in the database
ßCan be used with arbitrary scoring

systems
ßCOMPUTATIONALLY EXPENSIVE!!!
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Scoring Matrices

ßRelatively simple for DNA-gap
penalties or mismatches-can be made
to look at Pu/Py

ßProtein matches look also at similarity
(leu/ileu)

Searching for Similarity

ßFASTA
l Search against user-defined search sets,

DB or subsections

l Only the single most similar region is
shown
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Nucleotide Uncertainties

ß Code Meaning (Base)    Code Meaning (Base)

ß  A adenosine (A) M  amino (A or C)
ß C cytidine (C) S  strong (G or C)
ß G guanine (G) W  weak (A or T)
ß T thymidine (T) B  not A (G or T or C)
ß U uridine (U) D  not C G or A or T)
ß R purine (G or A) H  not G (A or C or T)
ß Y pyrimidine (T or C) V  not T (G or C or A)
ß K keto (G or T) N  any base (A or G or C or T)
ß - gap(s) (none)
ß  

Protein Scoring Matrices

ßChemical similarity: 210 pairs of aa

ßNearness in Genetic Code

ßChemical similarity, e.g.,

hydrophobicity

ßObserved Substitution Schemes
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AA Substitution Matrices

Rationale:

Certain amino acid substitutions
commonly occur in related proteins
(sometimes from different species).
These provide the basis for amino acid
substitution matrices, essentially a
symbol comparison table.

More on Matrices

ßA substitution matrix specifies a set of
scores sij for replacing amino acid I by
amino acid j.

ßPAM:  Percent Accepted Mutations

ßBLOSUM  Blocks Amino Acid
Substitution Matrices
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Amino Acid Symbols
ß A  Ala alanine R  Arg  Argine
ß B   Asx  Aspartic or asparaine S  Ser  Serine
ß C   Cys  Cysteine T  Thr  Threonine
ß D   Aspartic acid U  Sec  Selenocysteine
ß E   Glu  Glutamic acid V  Val Valine
ß F   Phe  Phenylalanine W  Trp Tryptophan
ß G  Gly  Glycine X   Xaa  Unknown or other aa
ß H   His  Histidine Y   Tyr  Tyrsoine
ß I    Ile  Isoleucine Z   Glx  Glutamic or glutamine
ß K   Lys  Lysine
ß L   Leu  Leucine
ß M  Met  Methionine
ß N  Asn  Asparagine
ß P  Pro  Proline
ß Q  Gln  Glutamine

Observed  AA Substitution
                 Matrices

ßPAM

ßBLOSUM
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PAM

ßLog Odds scores are used
ßThe score of each pair s(a,b) is

defined as the log of the likelihood
ratio of the transition probability Mab
(Mutation) versus the probability of a
random occurrence of the amino acid
b in the second sequence.

            s(a,b)=log Mab/Pb

PAM:  Point Accepted Mutation
ß DAYHOFF et al.
ß Observed residue replacement in related

proteins
ß GLOBAL alignment, closely related
ß A model of molecular evolution
 1 PAM = average change in 1% of all amino

acid possibilities(1% divergence)
ß Other PAM matrices extrapolated from

PAM1.



15

PAM  continued

ßTIME  is  NOT correlated with PAM

ßNumber of the matrix refers to
evolutionary distance

Means different families of proteins
evolve at different rates

PAM250
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BLOSUM

ß Block Substitution Matrix

ß Henikoff and Henikoff, PNAS, 1992

ß Number following indicates per cent identity

within set, BLOSUM62=62% id

ß Finds short, highly similar sequences (no

gaps)

BLOSUM
ßMatrices are directly calculated, based

on observed alignments

ßGreater numbers are lesser distances

ßUsually best for local similarity
searches

ß BLOSUM62= DEFAULT FOR BLAST.
If a distant relative, think about another
matrix.
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BLOSUM SCORING RULES

ßZero score means the frequencies of
the pair in the database is that
expected by chance

ßA positive score means more frequent
than chance

ßNegative score means the pair is
found less frequently than chance.

               Blosum62
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BLOSUM80     BLOSUM62   BLOSUM45

   PAM1               PAM120       PAM250

   less divergent                more divergent

 BLAST-Basic Local Alignment Sequence Tool

ßObjective:  find all local regions of
similarity distinguishable from random

ßOnly local alignments permitted,

ßGaps permitted in version 2

ßStatistically sound (Karlin and
Altschul), but no guantee of optimality
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BLAST:  Three Step
Algorithm

ßCompile a list of high scoring words of
length w (w=4 for proteins, 12 for nucleic
acids)

ß Scan for word hits of score greater than
threshold, T

ß Extend word hit in both directions to find High
Scoring Pairs with scores greater than S

Other BLAST Programs

ß BLASTN: nucleic acid query to NA database

ß BLASTP:  Protein query to Protein database

ß BLASTX: Translated nucleic acid query to
Protein database

ß TBLASTN: Protein query against (translated)
nucleic acid database

ß TBLASTX: Translated nucleic acid against
translated nucleic acid database
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OTHER BLAST
VARIATIONS

ß PSI-BLAST- Position Specific Iterated
BLAST-use gapped BLAST, generate a
Profile from multiple iterations used instead
of the input and Distance Matrix

ß MEGABLAST  specifically designed to
efficiently find long alignments between very
similar sequences; the best tool to use to
find the identical match to your query
sequence.

Limitations to BLAST

ßNeeds islands of strong homology
ßLimits on the combination of scoring

and penalty values
ßThe variants (blastx, tblastn, tblastx)

use 6-frame translation-miss
sequences with frameshifts)

ßFinds and reports ONLY local
alignments
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A WALK THROUGH  BLAST

NCBI home
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What happens with changes?

ßWord size

ßSubstitution Matrix

ßExpected Value

ßUsing protein or translated sequence
rather than nucleotide
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OPTIONS FOR BLAST

The Word–Size Parameter

   A word is any short sequence less than or
equal to

l Protein 1-2
l Nucleotide 1-12

Higher word Size
l Faster
l Less Sensitive
l More Selective
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Expected Value

ßNumber of hits with a score better than
“S” expected by chance in a DB of a
given size

ßDefault value of threshold is 10.

ßFor a short sequence, increase the E
value (say to 1000)

BLAST RULES OF THUMB
ßFor short amino acid sequences (20-

40), 50% identity happens by chance
ßIf A and B are homologous, and B and

C are homologous, then A and C are,
even if you can’t see it.

ßYou can get similarity in the absence
of homology for low complexity,
transmembrane and coiled-coil
regions. These have to be eliminated
by you, but you MAY want them.
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TAKE-HOMES
ßUse an up-to-date database; repeat

often
ßChoose a fast algorithm
ßUse the most recent version
ßWork at the protein level--for a small

amount of evolutionary change, DNA
sequence contains less information
about homology

ßRespect your own intuition

BLAST Significance
ßIf you change scoring systems, you can

still compare search results if you
normalize the score.

   S’=(lambdaS-lnK)/ln2.  Lambda and K
are associated with the scoring system.

   S’, with a given E, is significant if it is
greater than log N/E, N the size of the
search space.
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Searching for Similarity

ßFASTA
l Search against user-defined search sets,

DB or subsections

l Only the single most similar region is
shown

FASTA:  WHY USE IT?

ßAllow alignments to shift frames
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FASTA:  FAST Alignment

ßhttp://alpha10.bioch.virginia.edu/fasta/
ßhttp://www2.ebi.ac.uk/fasta3
ßhttp://workbench.sdsc.edu

ßRapid Global alignment

ßNot a strong mathematical basis
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LALIGN

ßEssentially a FASTA derivative for
local alignments

ßCompares two proteins to identify
regions of similarity

ßWill report several sequence
alignments within a given sequence

ßWorks for internal repeats that are
missed by FASTA because of gaps.

SITEs for LALIGN

ß http://fasta.bioch.virginia.edu/fasta/lalign.htm

ßhttp://xylian.igh.cnrs.fr/bin/lalign-
guess.cgi

ßhttp://biowb.sdsc.edu (registration
necessary but painless)

ß PALIGN
http://fasta.bioch.virginia.edu/fasta/palign.htm
(plots a graph of the areas of alignment)
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Gene Ontologies  GO
A gene ontology is a controlled vocabulary

used to describe the biology of a gene
product in any organism, designed to allow
both attribution and querying at different
levels of granularity , facilitating queries
across participating databases.

A step toward unifying biological databases
but not sufficient.

http://www.geneontlogy.org

Components of GO

A gene product is a physical thing (protein,
RNA, can have small molecules associated
to make a gene product group.

Attributes of Gene Products
ß Molecular Function-what something does
ß Biological process-a biological objective,

like growth or pyrimidine metabolism
ß Cellular Component-part of a cell, ER,

nucleus etc.
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Ontology Representations

ßA network, a directed acyclic graph
(DAG), in which terms have multiple
parents and multiple relationships to
parents.

ßRelationships connecting terms
include is-a, part-of,

Yeast, Fly, Mouse, Arabidopsis, Worm,

EVIDENCE CODES

ß IC  Inferred by Curator
ß IDA  Inferred by Direct Assay
ß IEA  Inferred by Electronic Annotation
ß IEP  Inferred from expression patter
ß IGI Inferred from genetic interaction
ß IMP  Inferred from mutant phenotype
ß IPI Inferred from physical interaction
ß ISS  Inferred from sequence or structure similarity
ß NAS  Non-traceable author statement
ß ND  No biological data available
ß TAS  Traceable author statement
ß NR  Not recorded
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Evidence relationships

TAS/IDA
            IMP/IGI/IPI
                                ISS/IEP
                                            NAS

IEA

Not a rigid hierarchy.
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blood coagulation factor VII

Gene_Ontology

defense/immunity protein

molecular_function

complement activity

enzyme

hydrolase

peptidase

serine-type peptidase

serine-type endopeptidase

blood coagulation factor
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Linkout to
SGD

GO and Links

GO
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Additional Information
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ENTREZ:  Linked Databases
http://www.ncbi.nlm.nih.gov/Entrez/

ßConcept of Neighbor-usually BLAST
relationship

ßPrecomputed=Fast
ßRelated sequence, structure

neighbors, related articles

ßCUBBY



43

EST Pluses

ßRapid

ßInexpensive

ßApplicable to gene discovery,
regulation

ßGene sequence diversity

Worked to identify over half the human
genes

EST negatives

ßNo defined protein product

ßHigh error rate

ßNot curated for annotation

ßLow data quality for assembly
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EST Data Quality Issues

ß Regions of high and low quality reads
in the same EST

ß Kinds of error
l Clone orientation

l Chimeras

l Missing reads

l Compression and base calling

Stringent Clustering

ßOne-pass assembly
ßFewer, shorter consensus sequences
ßLower coverage of expressed gene

data
ßLower inclusion rate of expressed

gene forms
ßAlgorithms such as

TIGR_ASSEMBLER
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Loose Clustering

ß One-pass assembly

ß Large, “sloppy” clusters

ß Greater coverage

ß Possible inclusion of paralogous genes

ß Lower fidelity

ß Includes alternate expressed forms

ß Unigene

Steps in EST Clustering

1. Mask for repeats and vector, leaving
a minimum number of residues of
‘clean” data (100bp for Unigene)

2. Initial cluster based on sequence
identity

3. Generation of consensus

4. Joining of clusters



46

STEPS IN CLUSERING-2

ßClone joining
l Utilizes the physically shared clone id

between 3’ and 5’ EST fragments from
the same clone

• Can be a source of error because it relies on
the accuracy of the annotation and uniqueness
of the clone ID, especially when data from
disparate sources

What are we trying to do with
EST Clustering?

ß“Match” sequences-either they do or
don’t

ßLook at near-identical matches
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Tools for Matching

ßSmith-Waterman, BLAST, FASTA built
for searching-measure quantitatively
the similarity between any two
distances.

ßBut ESTs either match or not, so need
only a near or perfect match.

Adjusting BLAST for ESTs

ßStringent match set for EST
l E expectation value set to 0

l G cost to open a gap increased

l E cost to extend a gap increased

l Q mismatch penalty increased

l R match reward increased

l W word size set for longer words
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EST DATABASES:Quality
issues

ßSEQUENCE QUALITY
l calculated error less than 1% (Phred-20)

is the rule
l frameshifts and stops common
l Rules are usually observed by exception
l There are lots of exceptions in the public

data
l Many 3’ UTRs

EST Databases: Quality #2

ßCLONE QUALITY
l Over-representation

l Tissue specificity

l Developmental stage specificity

l Unprocessed mRNA clones

l Chimeras

l Contamination
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EST Cluster Databases

ßSTACK-at SANBI http://sanbi.ac.za

ßTIGR-animals, plants, other
http://www.tigr.org/tdb/tgi.shtml

ßUnigene-NCBI
l Many species, plant, animal, …..

l mRNAs

l predicted mRNAs

Unigene
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UNIGENE

ßA LIST OF LISTS
l The cluster and known EST, mRNA

pieces
l Additional annotation-gene name, etc.
l Distributed as a subset of dbest

NOT included in the BLAST searchable DB
at NCBI
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Caveats on Clusters

ßNot stable

ßCan go to complete cDNAs as
available
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LOCUSLINK
(http://www.ncbi.nlm.nih.gov/LocusLink)

ß A useful, searchable compendium of loci
across Caenorhabditis elegans, cow, fruit
fly, human, human immunodeficiency virus
type 1, mouse, rat, and zebrafish.

ß Linked for PubMed, OMIM, RefSeq,
Homologene data, Unigene, and Variation
Data
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Resources for Genomic
Comparison

ßGLASS-http://plover.lcs.mit.edu

ßPipMaker:  http://bio.cse.psu.edu

ßRosetta: http:// plover.lcs.mit.edu(genes)

ßSGP:  htttp://soft.ice.mpg.de/sgp-1

ßVISTA:  http://www-gsd.lbl.gov/VISTA

ßWABA:
http://www.cse.ucsc.edu/~kent/xenoAli/inde
x.html

EFFICIENT  TEXT SEARCHING

ßUse Wild Cards: #,$,?,*

ß Use Boolean Operators
l Not

l And

l Or

l Nor
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Boolean Operators

ßAND   A and B   BOTH

ßOR     A  or  B    EITHER

ßNOT   B not A  Have B, do not have A

ßNOR   A  nor  B  A but not B OR B but
not             A

A
B

A
B

A
B

or

and

A not B
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WILD CARDS

ßMatch one character-NCBI uses #

ßMatch zero or one character NCBI
uses $, others ?

ßMatch zero or more characters-usually
*

MEDICAL SUBJECT HEADINGS

ßCONTROLLED Vocabulary

ßIndexing of articles, books, etc.

ßCurrent version has over 300,000
terms

ßCan download list and make your own
assortment
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MeSH Advantages

ßAssigned to the the entire document,
not just title and abstract

ßMajor topic (*)

ßSubheadings if available

ßMeSH topics are exploded to include
all the terms included in the meaning.

Try it; you may like it.

Other  Resources

ßNCBI Education Page
http://www.ncbi.nlm.nih.gov/Education/index.html

ßBCM Gene Finder
http://searchlauncher.bcm.tmc.edu/docs/sl_links.html

ßEBI-SwissProt, TrEMBL, PIR, SRS,
Tools http://www.ebi.ac.uk

ßExPASy-SwissProt, TrEMBL
http://www.expasy.ch/

ßDISC-DNA Information and Stock
Center http://www.dna.affrc.go.jp
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Final Thoughts

ßTrust your intuition

ßLook at all the possibilities

ßUse all the resources you can
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